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 Abstract  : A spectral analysis is made of the 1983 Japan Sea tsunami observed at tide 
stations in Japan. Some predominant frequencies are universally found in the observed 
spectra. To explain the observed predominant frequencies we  calculate a tsunami  expect-
ed at outer sea based on a one-dimensional propagation model. It is found that the 
theoretical spectrum computed for the model explains the general trend and the  predomi-
nant frequencies of the observed spectra except for the longest predominant period that is 
considered to be related to the shelf oscillation.
 I. Introduction 
   Using a wave analyzer, Takahashi and Aida (1961) found that the spectral peaks in 
tsunamis coincide with those in the long waves that are usually observed. Takahashi 
and Aida (1963) ascribed the coincidence to the excitation of natural oscillations in a 
continental shelf or bay for incident tsunamis. Miller et al. (1962) and Loomis (1966) 
studied the temporal variation of tsunami spectra to clarify the decay characteristics. 
Recently Sanchez and Farreras (1983) applied a maximum entropy method (MEM) to the 
spectral analysis of tsunamis to confirm the excitation of natural oscillations due to 
tsunamis. Abe and Ishii (1983) showed that the observed spectral peaks were approxi-
mately explained by an assumption of selective amplification of tsunami in a continental 
shelf. 
   The 1983 Japan Sea earthquake caused a tsunami on the coasts of Japan, USSR and 
Korea. Particularly in Japan a large tsunami was observed at the coasts of the Japan 
Sea of Honshu and Hokkaido. The coast line is simpler than that on the Pacific side. 
A simple response is expected in the simple coast to the incidence of tsunamis. 
   A tsunami is generated by coseismic sea-bottom deformation associated with a large 
shallow earthquake. It is considered that the time function of the deformation is 
approximated for tsunami to be a step function (e.g. Aida, 1984). This is understood 
from the fact that the propagation speed of tsunami is much smaller than the rupture 
velocity of earthquake faulting. The waveform of observed tsunami is not a simple 
pulse, in general. In fact, the tide gage records obtained for the 1983 Japan Sea tsunami 
showed conspicuous oscillations for a long time. This oscillation property reflects on 
the spectra of observed tsunamis. In this study, we investigate the excitation mecha-
nism of tsunami oscillation by analyzing the tsunami spectra observed on the simple
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coasts for the Japan Sea earthquake.
2. Spectral Analysis 
   Tide gage records of the tsunami were  collected from stations on the coast of the 
Japan Sea. Only the stations with reliable response to short period waves were selected 
and used for the spectral analysis. The selection was done based on the experimental 
results of tide gage response by Satake et al. (1988). The tide gage stations used for the 
analysis are shown in Fig. 1. All the analog records except for Akita station were 
digitized at a time interval small enough to reproduce the original record for the period 
of 12 hours from 12 h 00 m on May 26, 1983. The record of Akita station was digitized 
for 12 hours from 13 h 30 m on the same day, since the record for the first 90  min was 
interrupted by the strong ground motion due to the main  shock, The digitized data were 
corrected for the tidal level to obtain the actual tsunami level, and were finally set in the 
digitized form of a constant time interval of 1 minute. A spectral analysis was made on 
these time series by the use of Goertzel's method. The absolute amplitudes of Fourier 
coefficients in the frequency range from 0 to 2 mHz are shown in Fig. 2. 
   The characteristic properties found for the observed spectra in Fig. 2are as  follows  : 
a) Amplitudes at frequencies higher than 1.0 mHz (17  min in period) are predominant at 
southern Hokkaido and the area near the Sado Island. For the southern Hokkaido, this 
predominant frequency is explained by selective propagation of tsunami along the deep
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Fig. 1 Locations of source (hatched area), epicenter  (x  ) and tide stations  (P). Chain line 
   crossing the source area shows a reference line for the profile of submarine  topography 
   used in our  one-dimensional propagation model.
CHARACTERISTICS OF THE 1983 JAPAN SEA TSUNAMI 99
0.6  r
0.4
0.2
 m 
 0.2
0.2
 MIN
0 
 m 
 0.4
0.2
 0
0.4
0.2
  1.52 
    mHz 
       0  KTG0.2
0.5  1 1.5         mHz  20k
 OA
0.2
0.5  H  z 
ESA
0.2
 0,5
0.8
0.6
0.4
0.2
0.5  1.5 
 mfiz
0.5  I 1.5 
 mHz 
2
    0  1•  •  •  V^  I  •  •   0  ^  •  •••••••rvw..  -  J  V  1  L  •  ••  I   0
.5  1  1.5  mHz2  0.5 1  mii4z 2 0.5 I  rriAz 2 
Fig. 2(a) Observed spectra. Locations ofobservation stations are shown in Fig. 1.
sea. Equi-depth line of 3,000 m extends from the source to the southern Hokkaido. 
For the area near the Sado island, the sloping sea-bottom contributed to the concentra-
tion of higher-component waves near the Sado island. Abe and Ishii (1987) showed that 
a high-water level was generally observed at islands for the 1983 Japan Sea Tsunami. 
There is a good correlation between the high  water-level and the concentration of high-
frequency waves. b) At stations along the Japan Sea coast on the back side of small 
islands such as Rishiri, Awashima,  etc. the amplitudes at higher frequencies decrease 
rapidly. The higher frequency components seem to have been trapped in shallow sea 
around the islands. This is clearly seen from the following two  examples  ; one is 
Wakkanai (WKN) behind the Rishiri Island, and the other is Niigata East Port (NEP) 
behind the Awashima Island. The  cut-off frequencies are 0.4 and 0.5 mHz for the 
former and the latter case, respectively.  c) At stations TOY and MAI, which are
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located on the heads of big bays, frequency components higher than 0.2 mHz (83  min in 
period) were not observed. The wave energy of these components was trapped on the 
way to the bay head, because the high frequency component of 0.7 mHz is seen in the 
spectrum at NAN station. The properties from (a) to (c) are all related to the  refrac-
tion of short-period waves due to the seabed slope extending from islands or peninsula. 
d) A predominant frequency of 0.38 mHz was observed at many stations. This  fre-
quency corresponds to the period of 44  min. Recently Abe (1989) has shown that 
reflected waves from the coast contribute to this component wave. e) At stations from 
UCN to NAO a predominant frequency of 0.9 mHz (18  min in period) was observed. 
These stations are located behind the Sado Island for the tsunami propagation. The 
amplitude distribution shows an increase toward KAS station from both the sides. This 
suggests an excitation of natural oscillation between the Sado island and Honshu. The
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Observed spectra. Locations of observation stations are shown in Fig. 1.
frequency of 0.9 mHz is consistent with the natural frequency derived from 200 m in sea 
depth and 50 km in distance.
3. Interpretation of Predominant Frequencies 
   Abe (1989) synthesized waveforms for the 1983 Japan Sea tsunami using  one-dimen-
sional propagation model used by Abe and Ishii (1989) to clarify the effect of reflected 
waves from the coast. We can calculate the tsunami spectrum by the use of the same 
one-dimensional model. The model is shown in Fig. 3. In the model the source is 
represented by a uniform elevation on the continental slope. The waveform and its 
spectrum expected for this initial condition were calculated at a point P in the outer sea, 
which is 60 km distant from the  outer-sea margin of the continental shelf as shown in 
Fig. 3. The results are shown in Fig. 4. The spectral peaks are named A, B, C, D and 
E from higher to lower frequencies in Fig. 4. These peaks have frequencies of 1.82 (9.3 
 min), 1.44 (12  min), 1.06 (16  min), 0.69 (24  min) and 0.35 (48  min) mHz, respectively.
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Fig. 3 Tsunami source and submarine topography used for the  one-dimensional propagation 
   model by Abe  (1989). The cross section is taken along the reference line in Fig. 1, and the 
   real topography is approximated in the model by the step-like structure shown in the 
   figure.
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Fig. 4 Spectrum (left) and waveform (right) calculated at the point P in Fig. 3. The spectral 
   peaks are named A, B, C, D and E, respectively.
   The peak E results from the recurrence of a large pulse due to the reflected wave 
from the coast. The reflected wave was identified by Abe (1989) in the waveforms 
observed at many stations in USSR, Korea and Japan. It corresponds to the second 
phase arriving at P 44  min after the first arrival in the waveform of Fig. 4. The 
predominant period of 48  min is almost equal to the time interval of 44  min between the 
direct and the reflected wave. 
   Other peaks are related to the higher harmonics. It is found from Fig. 4 that the 
reflected wave stated above is followed without a time lag by a reflected phase with a 
small amplitude of reversed polarity. The latter is interpreted as the phase reflected 
twice, that is, at the outer sea margin and at the coast (see Fig. 3). It is noted that the
CHARACTERISTICS OF THE 1983 JAPAN SEA TSUNAMI 103
polarity reversal is caused when the direct wave or an outgoing wave is reflected at the 
outer sea margin. The time interval between the onset of the first reflected wave and 
the end of the second one is about 8.5  min, as observed from Fig. 4. The period of 9.3 
 min for peak A, for example, is nearly equal to this time interval. Since the direct wave 
is followed by the reflected wave from the shelf margin of the continental slope with the 
same polarity, the periodicity of the reflected wave is disturbed and has a broad band 
width. 
   The model spectrum is compared with the observed ones as shown in Fig. 5, though 
a site effect near a station is not considered in the model spectrum. The spectral peaks, 
which correspond to the peak D, apparently predominate over other peakes in the 
observed spectra for both the stations of Iwanai  (IWN) and Ryotsu  (RYO). It is 
considered that the resonance of tsunami with the bays, whose natural period is almost 
the same as that of peak D, amplified this peak. The natural period of the Ryotsu bay 
was estimated to be 20.1  min by Honda et  al. (1907). We can identify the spectral peaks 
E, D, C, B in the observed spectra at IWN and E, D, C, A at RYO. Except for minor 
discrepancies, the observed spectra are in general agreement with the calculated ones. 
The good coincidence between observation and calculation indicates that our approxima-
tion for the tsunami source is satisfactory for the two stations with favorable locations. 
Speaking about the location, the station RYO in the Sado Island faces to the source, and 
the other one IWN is located close to the deep sea. Their locations relative to the 
source were favorable for receiving higher-frequency components. There are no other 
stations at which many high-frequency peaks are found. 
   The lowest-frequency peak E was observed at many stations. This fact reveals 
that the reflected wave from the coast is the most universal phase in the tsunami 
oscillation. The peak D is predominant for stations such as Niigata West Port (NWP) 
and Fukui (FUK). As mentioned earlier, the fact that the southern Hokkaido received 
high-frequency waves, contributing to the peak C, is explained by the proximity of equi-
depth line of 3,000 m to the coast. The highest-frequency peak A in the model spectrum
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                                                           Fig. 5 Comparison of the calculated spectrum (dotted line) with the observedones (solidline)
   at IWN (left) and RYO (right). The amplitude is in an arbitrary scale.
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was observed at stations INA and RYO, which are located in the Sado Island, with small 
amplitude. There is no other station observing this peak freqency. 
   Our model spectrum cannot explain the peak at a frequency of 0.20 mHz (83  min in 
period), which was universally observed in a broad area, from Funakawa (FUN) to 
Naoetsu (NAO) and even more distant stations such as Maizuru  (MAI). This peak 
frequency corresponds to that of natural oscillation of the continental shelf near Niigata 
city (Abe, 1986). Therefore the common peak probably resulted from multiple reflection 
on the continental shelf off the observation points. As seen in Fig. 2,  MAI recorded only 
this long-period shelf oscillation and did not record any other significant peaks. This 
may be explained by attenuation and/or energy trapping of short-period waves through 
a long propagation distance from the source. 
   Finally we examine the dependence of observed spectral amplitudes of the peaks E, 
D, C on the epicentral distance. The result of amplitude-distance relation is shown in 
Fig. 6. To consider only outgoing waves from the source, we exclude from the plot the 
data observed at the stations located inside the source. They are the data at Minmaya 
(MIN) and Hakodate (HAK). This figure shows that the spectral amplitude is approxi-
mately in reverse proportion to the epicentral distance. It is confirmed from this that 
the observed tsunami was generated in the source area and its neighboring coast. 
   On the other hand one-dimensional model predicts no decrease in amplitudes with an 
increase in distance. As discussed before, the observation indicates that  short-period
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Fig. 6 Observed spectral amplitudes versus epicentral distance. The different symbols distin-
   guish the amplitudes of different spectral peaks.
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waves were trapped in shallow sea around islands and peninsulas. It is thus concluded 
that the amplitude decrease shown in  Fig.  6 is explained partly by trapping of wave 
energy on the way from the source to stations. 
4. Discussion 
   In this study the source is approximated by a one-dimensional model and the source 
finiteness along a long axis of the elliptical source is disregarded. Abe and Ishii (1987) 
obtained the histogram of frequencies observed in the first three waves of the 1983 Japan 
Sea tsunami, and showed that the observed predominant frequencies lay between two 
critical values that were derived from the length and width of the source area. The 
critical values are 0.825 mHz (20.2  min) and 2.25 mHz (7.4  min). The predominant spec-
tral peaks of 0.8-1.0 mHz obtained in this study for Iwanai (IWN) and Esashi (ESA) are 
possibly explained by the effect of source extent in the direction of the long axis. It is 
noted, however, that these peaks were not universally found in the spectra. This is 
probably due to the sloping structure of sea bottom. Such a structure causes selective 
refraction for obliquely incident waves to lose their original waveform. On the other 
hand, the waveform due to the finiteness of the source width keeps its original form 
through a long propagation path mainly because the wave-front is parallel to the coast 
line. The fact that our model of one-dimensional approximation is satisfactory is 
attributed to the elliptical source having the long axis parallel to the coast line. 
5. Conclusion 
   A spectral analysis was made of water-level oscillations of the 1983 Japan Sea 
tsunami observed at 29 tide stations in Japan. Some predominant frequency compo-
nents, including a high-frequency one of 1.06 mHz (16  min in period), were observed at 
stations of Iwanai (IWN) in southern Hokkaido and Ryotsu (RYO) in the Sado Island. It 
is shown that the predominant frequency components higher than 0.3 mHz (60  min) 
decrease in amplitude with increasing epicentral distance. This suggests that the 
spectral properties were built up in the source region. 
   It is concluded that the predominant frequencies of observed spectra are explained 
by the one-dimensional propagation model. This implies that our simple model approxi-
mates satisfactorily the tsunami source and the directional propagation on the continen-
tal slope.
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